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SEASONAL DISTRIBUTION AND RELATIONSHIP TO TEMPERATURE
AND PRECIPITATION OF THE MOST ABUNDANT SPECIES OF
CULICOIDES IN FIVE PROVINCES OF ANDALUSIA. SPAIN
MARIA D. ORTEGA,I FREDERICK R. HOLBROOK, INo JOHN E. LLOYD]
ABSTRACT. A total of 177,344 Culicoides specimens were collected from 3,109 light trap collections made
weekly from August 1990 to October 1991 at 62 sites in the provinces of Cridiz, C6rdoba, Huelva, Seville, and
M6laga, Spain. Reported for the lst time are Culicoides agathensis, Culicoides bahrainensis, Culicoides marcleti,
and, Culicoides odiatus in the Iberian Peninsula, and Culicoides scoticus in Andalusia, Spain. As a group,
Culicoides were active throughout the year. The 3 most common species were Culicoides imicola (56,254),
Culicoides newsteadi (24,359), and Culicoides circumscriptus (16,720). Numbers of C. imicola peaked in Oc-
tober, C. newsteadi peaked in May, and C. circumscriptas peaked in June. Based on regression analyses, the
optimal minimum and maximum air temperatures, respectively, for adult insect activity were approximately
>18'C and =38'C for C. imicola, l2"C and 24"C for C. newsteadi, l4"C for C. circumscriprus (minimum
temperature only), 16'C and >38'C for "other" Culicoides, and l4'C and 32"C for total Culicoides. Optimal
minimum and maximum temperatures could not be determined for Culicoides pulicaris, Culicoides punctatus,
subgenus Monoculicoides, and the Culicoides obsoletus group. During August and September, the months when
African horse sickness outbreaks occurred, C. imicola was the predominant species in the coastal Mediterranean
zone. If the "other" Culicoides spp. group was not considered, the predominant species were C. imicola in the
Guadalquivir River valley zone, C. newsteadi in the Subb6tica mountainous range zone, and subgenus Mono-
culicoides in the coastal Atlantic zone.
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INTRODUCTION
The lst Culicoides (Diptera, Ceratopogonidae)
reported from Spain were Culicoides algecirensis
(=puncticollls) Strobl and, Culicoides pulicaris
(L.)(Strobl 1900). Further studies (Prada and Gil
Collado 1959) were stimulated by a 1956 outbreak
of bluetongue (BT), a Culicoides-borne virus dis-
ease of ruminants. Subsequently, Culicoides spp.
were documented by Callot et al. (1975), Srinchez-
Covisa et al. (1979), Sahuquillo and Gil Collado
(1982a, 1982b), Mellor er al. (1983), and Gil Col-
lado and Sahuquillo (1983, 1985). Mellor et al.
(1983) included the only records of Culicoides spp.
from Andalusia, focusing mainly on species col-
lected in C6rdoba in May 1982.
Outbreaks of African horse sickness (AHS) in
Andalusia between 1988 and 1990 highlighted the
lack of information about the genus Culicoi.des in
Andalusia. Because Culicoides species are the prin-
cipal known vectors of AHS virus and BT virus,
their numbers and distribution are of major impor-
tance in understanding the epidemiology and epi-
zootiology of these diseases. In the Mediterr.rnqln
region, BT virus has been isolated from Culicoides
imicola Kieffer in Israel (Braverman et al. 1985)
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and Culicoides obsoletus (Meigen) in Cyprus (Her-
niman, personal communication in Mellor and Pit-
zollis 1979), and AHS virus has been isolated from
C. imicola, and pools of C. obsoletus and C. puli-
caris in Spain (Mellor et al. 1990).
The purpose of this study was to survey the spe-
cies of Culicoides in the provinces of the Autono-
mous Region of Andalusia where outbreaks of AHS
occurred, to study the seasonal fluctuations and the
geographic distribution of the most common spe-
cies and to assess the association between temper-
ature and precipitation and distribution and adult
activity of Culicoides.
MATERIALS AND METHODS
This study was conducted from August 1990 to
October 1991. Light traps were placed at 62 indi-
vidual farms: 11 in the province of Cddrz,8 in C6r-
doba, 11 in Huelva, 13 in Mr4laga, and 19 in Se-
ville. between 36o12'N and 38'22'N and 4'6'W and
7'35'W (Ortega et al. 1997). Light traps were op-
erated primarily by personnel of the Andalusian
Regional Government Animal Health Service.
Some of the farms were located in the vicinity of
meteorological stations operated by the Servicio
Meteorol6gico Zonal of Seville and Mrilaga. These
stations provided data on daily precipitation and/or
maximum and minimum temperatures.
Adrtlt Culicoides were collected in baffle-type
light traps with a 6O-W 22O-V lamp bulb as an
attractant (Lillie et al. 1979). The traps were located
outdoors near domesticated animals, mainly cattle,
sheep, goats, horses, dogs, and poultry. All traps
were suspended at a height of 1.5 m, either from
trees or man-made structures. The insects were col-
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Table l. Total numbers of Culicoides spp. and group
selected and number of collections in which each
species or species group was collected in 62 trap sites
located in the provinces of Cddiz, C6rdoba. Huelva,
M61aga, and Seville, Spain, from August 1990 to
October 1991.
Species
No.
Total collections
Culicoides with
collected Culicoides
C. circumscriptus
C. imicola
C. newsteadi
C. punctatus
Monoculicoides
C. obsoletus group
C. pulicaris
"Other" Culicoides
Total Culicoides
Total collections
16,720
56,254
24,359
9,O54
11,547
6,234
4,'  ?48
48,428
r77,344
1,376
938
1,438
343
743
579
372
r,694
2,2s6
3,109
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lected in O.5-liter flasks containing 17.5Vo ethanol
and l5%o ethylene glycol in water to prevent evap-
oration. Collections were later transferred to TOVo
ethanol for preservation.
Traps were operated at night from approximately
t h before sunset to t h after sunrise for 2 consec-
utive nights per week. Occasionally, traps were op-
erated for only one night in a given week, and on
a few occasions they were operated for more than
2 consecutive nights. Monthly night catch means
were calculated. Occasionally, traps malfunctioned
or were vandalized and collections were missing.
Tlaps were set in a variety of environments and
most were placed in 1 of 4 clearly deflned environ-
mental zones: the coastal Atlantic zone (5 farms in
C6diz and 2 in Huelva), the Guadalquivir River val-
ley zone (3 farms in C6rdoba and 8 in Seville), rhe
coastal Mediterranean zone (1 farm in C6diz and 5
in M6laga), and the mountainous Subb6tica range
zone (2 farms in C6diz,2 farms in C6rdoba, and 7
farms in Mrilaga) (Ruiz, personal communication,
l99s).
All Culicoides spp. were initially sorted with the
aid of a stereo-zoom microscope (2.5x to 64X
magnification). The species were identified princi-
pally on their wing pattern (Boorman 1989; Boor-
man, personal communication, 1993), but for more
accurate verification some specimens were mounted
on slides (Wirth and Marston 1968).
The species used to study seasonal fluctuations
were those that were easily identified microscopi-
cally and present in greater numbers: Culicoides
circumscriptus Kieffer, Culicoides newsteadi Aus-
ten, C. imicola, C. pulicaris, and Culicoides punc-
tatus (Meigen). Certain species were studied as a
species group because of the difficulties involved
in separation into different species. These included
the C. obsoletrrr group (C. obsoletus and, Culicoides
scoticus Downes and Kettle) and the subgenus
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1 . 1 y = -0.0o4x2 + 0.099x + 0.153
12 = 0.856
p=0.0002 '  
.
Mem minimum temperatre ('C)
Fig. 1. Mean of the natural logarithm of the number
of Culicoides circumscriptus * I captured per trap night
versus mean minimum temperature.
Monoculicoides (Culicoides riethi Kieffer, Culicoi-
des parroti Kieffer, and Culicoides puncticollis
Becker). Species present in low numbers, and those
that proved impossible to identify by wing pattern,
were grouped as the "other" Culicoides spp. group.
The mean of the natural logarithm of the number
of biting midges * I of each species or species
group was plotted versus mean minimum and mean
maximum monthly temperatures grouped at inter-
vals of 2oC. Linear and multiple curvilinear regres-
sion analyses were performed to determine the
goodness of fit. Data were analyzed using Strat-
graphic 2.16 (Graphic Software System, Inc., Rock-
ville, MD. 1989).
v = -0.005x2 +0.222x- 1.525
? =0.907
P = 0 . 0
Mean muimum temperature ("C)
Fig. 3. Mean of the natural logarithm of number of
Culicoides newsteadi * 1 captured per ffap night versus
mean maximum temperature.
RESULTS AND DISCUSSION
The species identified in this sttdy were Culi-
coides agathensis Callot, Kremer and Rioux, Culi-
coides bahrainensis Boorman, Culicoides cataneii
Clastrier, C. circumscriptus, Culicoides fagineus
Edwards, Culicoi.des gejgelensis Dzhafarov, C. im-
icola, Culicoides kurensis Dzhafarov, Culicoides
longipennis Khalaf, Culicoides marcleti Callot,
Kremer and Basset. C. newsteadi, C. obsoletus, Cu-
licoides odiatus Austen, Culicoides odibilis Austen,
C. parroti, C. pulicaris, C. punctatus, C. puncti-
collis, C. riethi, Culicoides sahariensis Kieffer. C.
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Fig. 2. Mean of the natural logarithm of number of
Culicoides newsteadi + I captured per trap night versus
mean minimum temperature.
y = -0.004x2 + 0.l4lx + 0.249
P = 0.851
P = 0.0002
Mem minimum tempemtur€ ("C)
Fig. 4. Mean of the natural logarithm of number of
"other" Culicoides spp. + 1 captured per trap night versus
mean minimum temDerature.
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y = -0.001x2 + 0.095x - 0.432
12 = 0.886
P = 0 . 0
1.2
Mean mdimum temperature ("C)
Fig. 5. Mean of the natural logarithm of number of
"other" Culicoides spp. + I captured per trap night versus
mean maximum temperature.
scoticus, and Culicoides shaklawensis Khalaf. Be-
fore this study, 63 species of Culicoides had been
reported from the Iberian Peninsula, including 44
from Spain arrd 24 from Andalusia. Sixteen of the
species identified in the present study were previ-
ously reported from the Iberian Peninsula, from Ca-
talufra (Strobl 1900), Portugal (Cambournac 1970a,
1970b; Capela et al. 1990, 1992; Lembl6, et al.
1990), the eastern coast (Callot et al. 1975), Madrid
and Segovia (Srinchez Covisa et al. 1979), Navarra
(Sahuquillo and Gil Collado 1982b), Valencia (Sa-
huquillo and Gil Collado 1986), and C6rdoba and/
or Badajoz (Prada and Gil Collado 1959, Sahu-
quillo and Gil Collado 1982a, Mellor et al. 1985).
However, not all of the species that were reported
previously were identified in the present study, pos-
sibly because an exhaustive taxonomic study of the
collections has not yet been performed or because
the species are not established in the study area.
Culicoides agathensis, C. bahrainensis, C. mar-
cleti, and C. odiatus are reported here for the lst
time in the Iberian Peninsula and C. scoticus is re-
ported for the lst time in Andalusia and Spain.
Based on these new records, the number of Culi-
coides species reported in the Iberian Peninsula is
now 67, witlr 49 in Spain and,29 in Andalusia.
A total of 177,344 Culicoides specimens was ex-
amined from 2,256 (72.6Vo) of the 3,109 trap col-
lections. The species most frequently collected
were C. newsteadi, C. circumscriptus, and C. imi-
cola (Table 1). The most abundant species was C.
imicola, followed by C. newsteadi.
The seasonal abundance of the species and spe-
cies groups, as monthly mean catch/night, is shown
in Table 2. Two peaks of Culicoides abundance
were observed, one in September 1990, and the
other in June 1991. For each species or species
y = -0.010x2 + 0.286x + 0.405
r2 = 0.928
P = 0 ' 0
Mem minimum temperature ('C)
Fig. 6. Mean of the natural logarithm of number of
total Culicoides t 1 captured per trap night versus mean
minimum temperature.
group the months of greatest abundance were: C.
circumscriptu,s, June and July l99l;' C. imicola,
September through November 1990; C. newsteadi,
from March through June 1991; C. punctatus, June
1991; subgents Monoculicoides, September 1990
and June and July l99l; C. obsoletus group, May
and June I99l; C. pulicaris, June and July l99l;
and "other" Culicoides spp. group, May through
July and September 1991.
The relative abundance of the species and spe-
cies groups for each month can be obtained from
Table 2. Culicoides circumscriptu.s accounted for
>lOVo of the total collection from December 1990
y = -0.005x2 + 0.289x - 1.666
6 1 4 2 2 3 0 3 8
Mean milimum temperature (oC)
Fig. 7. Mean of the natural logarithm of number of
total Culicoides * 1 captured per trap night versus mean
maximum temperature.
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Table 3. Monthly mean minimum and maximum temperatures and precipitation in the 4 environmental zones.r
Atlantic Coasl Subb6tica Range Guadalquivir Valley Mediterranean Coast
Month Ppt.z_""I",tPpt.T_",Ppt.T^,,T^^ T^^PpLT^,^,T^-
Aug. 90 19.8 33.4
Sept. 90 18.7 29.4
Oct. 90 14.2 23.4
Nov. 90 8.9 19.4
Dec. 90 6.6 15
J a n . 9 1  4 . 9  1 5 . 6
Feb.91  5-4  15 .2
March 91 9.3 18.5
April 91 9.2 2O.4
May 9l l l .4 24.7
June 91 17 29.2
July 91 19.2 32
Aug.  91  19 .8  32 .9
Sept. 91 18.4 29.8
Oct .  91  11 .5  22 .7
0
0.3
2 .8
1 . 3
1 . 5
o.3
-) .  I
J . a
t . 7
0 . 1
<0.1
<0.1
0.2
1 .5
L. - )
o.2
t . l
2 .8
) A
1 . 6
0.3
4.4
4 .6
t . 9
0 .1
o.4
0 .1
0
1 .8
5.6
19.9  32 .3
17.8  29 .7
I  1 .8  21 .1
1 .8  16 .5
4.7 12.5
3.4 73.6
3.3 72.4
7 .4  15 .6
7 .2  t t . l
10 .1  23
t5.4 29.6
18.2 34.8
19.3 33.4
16.6 29.6
9 ;7  r9 .1
19.6 37.2
18.4  32
t3.4 23.8
'7.6 18.7
4  t4 .4
3 .7  15 .  I
3.7 14.7
8 . 6  1 8 . 8
8 22.2
10.8  27 .3
16.7  32 .8
19 3s .5
r9.9 36.6
r7.3 31.7
tt.4 21.8
20.5 30.3 <0.1
20.5 29.5 0.3
t4.9 23.7 2.3
10.1  19 .3  1 .2
8 .8  t6  3 .2
7.t 16.2 I
6 .6  15 .9  3 .3
1 0 . 1  1 8 . 3  3 . 2
10.1  19 .2  1 .3
12.7 22.4 0
17.3 26.5 <0.1
19.8  30  <0.1
20.2 30.5 0.1
19.5  28 .5  l . l
14 .1  23 .O 2 .7
0 . 1
0 . 1
3 .4
2.4
o.7
0.6
3 .8
0 .5
0 . 1
0 .3
0 . 1
0
t . 6
4.2
r1",,, minimum temperature in'C; f-.r, maximum temperation in'Ci Ppt., precipitation in mm
through April 1991, and June and July 1991; C.
imicola from August through November 1990 and
August through October l99l; C. newsteadi from
August 1990, November 1990 through May 1991,
July and October l99l; C. punctatus from May and
June 1991; subgenus Monoculicoides from July
1991; the C. obsoletus group from January, Feb-
ruary, and May l99l; C. pulicaris from July 1991;
and "other" Culicoides spp. group from all the
months except October and November 1990.
The 3 most conunon species in this study were
C. newsteadi, C. circumscriptus, and C. imicola,
and each was represented by a different geograph-
ical and seasonal distribution. Culicoides circum-
scriptus and C. newsteadi were widely distributed
both geographically and temporally, whercas C. im-
icola was distributed over a wide geographic area
only.
The major environmental factors affecting de-
velopment of Culicoides populations are tempera-
ture, humidity, and rainfall (Braverman et al. 1985).
In this study, the abundance of the Culicoides spe-
cies did not seem to be correlated with precipita-
tion. However, ambient temperature did seem to in-
fluence the occurrence of certain species.
Based on linear or polynomial regression analy-
ses, the models representing the means of the nat-
ural logarithm of the number of biting midges * I
versus monthly mean minimum or maximum tem-
peratures at 2oC intervals were a good fit for several
species or groups of species (R, > 0.60 and P <
0.05).
The optimal monthly mean minimum tempera-
ture for collection of C. circumscriptus was ap-
proximately 14"C (Fig. l). The plot was a 2nd-order
polynomial. Based on the shape of the curve, this
species tolerated a broad range of monthly mean
minimum temperatures when compared to the re-
maining species or species groups. No polynomial
was found to fit the plot of C. circumscriplrrs abun-
dance versus mean maximum temperature.
Numbers of C. newsteadi plotted versus temper-
ature fit 2nd-order polynomials for both monthly
mean minimum and maximum temperatures (Figs.
2 and 3), with -12"C the optimal monthly mean
minimum temperature and -23"C the optimal
monthly mean maximum temperature. Narrow
ranges of monthly mean minimum and maximum
temperatures were observed; temperatures below
and above l2"C (for minimum) and below and
above 23"C (for maximum) were associated with
lower numbers of C. newsteadi.
Both C. newsteadi and C. circumscriptus ap-
peared in collections throughout the year, as was
reported in Israel (Braverman et al. 1974). These
were the predominant species during the winter
months. Culicoides newsteadi reached its peak in
May and C. circumscriprus peaked in June, when
mean temperatures were closer to their optimal.
Based on curvilinear regression analysis, the plot
of the numbers of the "other" Culicoides spp.
group versus monthly mean minimum and maxi-
mum temperatures yielded 2nd-order polynomials
(Figs. 4 and 5). The optimal monthly mean mini-
mum temperature of these biting midges was
-16'C. This curve model for the "other" Culicoi-
des spp. group relative to monthly mean maximum
temperature did not reach the optimal maximum
temperature, which we estimated to be >38"C.
When plotted against monthly mean minimum
and maximum temperatures, numbers of total Crl-
licoides also best fit a 2nd-order polynomial (Figs.
6 and 7). Optimal monthly mean minimum and
maximum temperatures were -14"C and, -32"C,
respectively. The model for Culicoides as a whole
was characteized by a broad range of mean mini-
mum and maximum temperatures.
Optimum monthly mean minimum and maxi-
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mum air temperatures could not be determined for
C. pulicaris, C. punctatus, subgenus Monoculicoi-
des, and C. obsoletus group, the last 2 possibly be-
cause both included several species.
Culicoides pulicaris reached its population peak
approximately I month later than C. punctatus,
when temperatures were warmer (Table 2). Because
C. pulicaris favored intermediate optimal maxi-
mum temperatures, its peak numbers could be ex-
pected to be associated with warmer air tempera-
tures. Unlike C. circumscriptus and C. newsteadi,
these 2 species were scarce during the coldest or
the hottest months of the year.
Culicoides spp. were active in the study area
throughout the year. As a group, Culicoides re-
quired intermediate minimum and maximum tem-
peratures to be active, but when the species studied
separately were subtracted, they required warmer
maximum temperatures to be active. Optimal min-
imum and maximum temperatures for total Culi-
coides were slightly lower than for the "other" Cu-
licoides spp. group. This may mean that the less
common species of Culicoides in this study re-
qui-red warmer temperatures than the most common
species.
The 4 environmental zones described for this
study were delineated by monthly mean minimum
temperature, maximum temperature, and precipita-
tion as shown in Table 3. The coastal Mediterra-
nean zone exhibited the warmest minimum tem-
perature during winter, and the coolest maximum
temperatures during summer. The mountainous
Subb6tica range zone exhibited the coldest mini-
mum temperature, and coldest maximum tempera-
ture during winter. The Guadalquivir River valley
zone was characterized by the highest monthly
mean maximum temperatures during summer. Max-
imum and minimum temperatures along the coastal
Atlantic zone were intermediate. Precipitation fol-
lowed approximately the same pattern in all estab-
lished zones. The principal rainy seasons were dur-
ing fall and spring, with very low rainfall during
summer; however, when compared to the other
zones, the Mediterranean zone received more rain
during December and less from May to August.
The main species activity in the different geo-
graphic zones, expressed as monthly mean catch/
night, is presented in Tables 4, 5, 6, and 7. In gen-
eral, C. circumscriptus was predominant in the zone
with the highest maximum temperatures during
sunrmer, the Guadalquivir River valley zone1' C. im-
icola alnd tlre C. obsoletrs group in the zone with
the highest minimum and maximum temperatures
during the winter, the coastal Mediterranean zone
(they peaked at different months); C. newsteadi in
the coastal Atlantic and Mediterranean zones; C.
punctatus and C. pulicaris in the zone with the
coldest minimum and maximum temperatures dur-
ing the winte! the Subb6tica mountainous range
zone; and the subgenus Monoculicoides in the
coastal Atlantic zone. The highest numbers of total
Culicoides were in the coastal Mediterranean zone.
which was the richest area for most of the Culicoi-
des species and species groups found.
During the months of August and September
(when AHS outbreaks occurred in Andalusia) the
predominant species were C. imicola in the coastal
Mediterranean and the Guadalquivir River valley
zones, C. newsteadi in the Subb6tica mountainous
range zone, and subgenus Monoculidoides rn t}lle
coastal Atlantic zone (except for the coastal Med-
iterranean zone, these species were predominant if
the "other" Culicoides spp. group was not consid-
ered).
Outbreaks of AHS srarred in 1988 in the coastal
Mediterranean zone of the province of C6diz, the
most productive site of C. imicola and Culicoides
during the months when AHS occurred. Outbreaks
during 1989 were mainly in the coastal Atlantic and
Guadalquivir River valley zones, in the provinces
of Huelva and Seville. This could be because hors-
es in the coastal Mediterranear zone, where out-
breaks occurred in 1988, were vaccinated against
AHS virus. As a result, the outbreaks in 1989 oc-
curred in areas of nonvaccination where C. imicola
and a susceptible horse population were present. An
outbreak in l99O occurred again in the coastal
Mediterranean zone, in the province of M6laga, but
also outside the 1988 and 1989 vaccination area.
Outbreaks in 1989 were in the zones where the
"other" Culicoides spp. group was predominant, so
this group may have been involved in the trans-
mission of the disease during these outbreaks. Al-
ternatively, low numbers of C. imicola may be suf-
ficient to transmit the disease.
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